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Use of hexahydrolupulones as antibacterial agents 

5 This application is a continuation-in-part of U. S.S.N. 08/607,473 (filed 

February 27, 1996). 

Background of the Invention 

The treatment and/or cure of cancer has been intensely investigated 
culminating in a wide range of therapies. Cancer has been typically treated with 

1 0 surgery, radiation and chemotherapy, alone or in conjunction with various 
therapies employing drugs, biologic agents, antibodies, and radioactive 
immunoconjugates, among others. The common goal of cancer treatment has 
been, and continues to be, the elimination or amelioration of cancerous tumors 
and cells with minimal unpleasant or life-threatening side effects, due to toxicity 

15 to normal tissues and cells. However, despite efforts, these goals remain largely 
unmet. 

Even where effective non-invasive drug therapies have been developed, 
patients having solid malignant tumors and hematological malignant disorders 
often develop multidrug resistance. Current therapies involve the administration 

20 of increased dosages of the anticancer drug or drugs to which the cancer cells 
have become resistant and/or administration of agents designed to reverse drug 
accumulation defects in drug resistant cells. However, these therapies are 
limited by risk of toxicity to the patient. 

Alpha- and beta-acids, derived from hops, possess the ability to inhibit 

25 the growth of microorganisms. Some of these acids have been used as antibiotic 
and antifungal agents. In addition, alpha acids (also known as humulons) have 
been shown to inhibit the tumor promoting effect of 12-0-tetradecanoylphorbol- 
1 3-acetate in mice ( Yasukawa et al., Oncology 52: 1 56- 1 58 ( 1 995)). Colupulonc 
has been reported to be active against Hela cells, CEM leukemia cells, and 

30 adriamycin- and vinblastin-resistant CEM cells (Mannering et al., Food 

Nutrition and Chemical Toxicity, Parke et al., eds. Smith Gordon, G.B. (1993) at 
ch. 28). 
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However, a continuing need exists for new and effective drug therapies 
for treating cancer which have minimal side effects and arc also effective against 
multidrug resistant cancer cells. 

In addition, the cases of bacteria resistant to one or more antibiotic drugs 

5 has increased dramatically. Staphylococcus Aureus and enterococcus are among 
the most problematic of these drug resistant bacteria in the clinic. For example, 
methicillin resistant Staphylococcus Aureus (MRSA) was previously treatable by 
ciprofloxacin (CIPRO). However, cases of CIPRO resistant MRSA are rapidly 
increasing, in addition, reports of vancomycin resistant enterococcus (VRE) in 

1 0 the U.S. have increased. Vancomycin is used as an antibiotic for treatment of 
bacteria resistant to penicillins and aminoglycosides, and is considered by many 
as the last rational resort for therapy of these resistant bacteria. Alternatives to 
vancomycin, such as chloramphenicol, have less favorable therapeutic indices 

and are usually ineffective. 
1 5 Tuberculosis (TB), caused by mycobacterium tuberculosis, results in 

more deaths worldwide than any other disease caused by infectious agents. It is 
estimated that 1 .7 billion persons, or 33% of the world population, are currently 
infected with TB, 8 million of which develop active TB. Within the U.S. alone, 
15 million persons have latent TB, with the number of cases increasing by 14% 
20 since 1 993 . The reasons for this increase in TB primarily relate to AIDS, 
immunocompromised states (e.g., cancer chemotherapy and transplant 
recipients) and drug resistance to available anti-TB drugs. 

Thus, a need exists for new and effective drug therapies for treating 
bacterial infections, particularly therapies effective against multidrug resistant 
25 bacteria. 

^Iim mf T "f Invention 

The present invention provides a method of using a compound of formula 

(I): 
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wherein R is (C3 - C,)alkyl, preferably, -CHjCHCCHj)^, -CHCCH3)2, or 
-CH(CH3)CH2CH3, or a pharmaceutically acceptable salt thereof, to prepare a 
medicament effective to inhibit growth of strains or varieties of bacteria that are 
resistant to one or more antibiotic drugs that have been employed to inhibit the 
1 5 growth of other strains or varieties of said bacteria in the past. Such antibiotic 
drug resistant bacteria include the gram positive bacteria, such as antibiotic 
resistant strains of Staphylococcus aureus, Mycobacterium tuberculosis or 
Mycobacterial Avian Complex or enterococcus. In a further embodiment, the 
present invention provides a method to use a compound of formula (I): 

20 



25 




30 (I) 

wherein R is (C3 - C8)alkyl, preferably -CH2CH(CH3)2, -CH(CH3)2, or 
-CH(CH3)CH2CH3, or a pharmaceutically acceptable salt thereof to prepare a 
medicament effective to inhibit the growth of cancer cells, i.e., to treat cancer. In 
35 a preferred embodiment of the invention, R is -CHCCHa),. The present invention 
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also provides a method of using a compound of formula (I) to prepare a 
medicament effective to treat protozoal or fungal cell growth, as in a mammal 
infected with protozoa or fungii, including Lgishmatlia and other 
hemoflagellates. The present invention also provides pharmaceutical 
5 compositions comprising an effective amount of a compound of formula (I) to 
treat the above indications in combination with a pharmaceutical ly acceptable 
carrier. 

Brief Des cription of the Dmwinys 

Figure 1 shows the activity of HHC against Staphylococcus aureus. 
1 0 Figure 2 shows the activity of HHC against Leishmania tarentnlae. 

nptailed Description of the Invention 
The present invention provides a method of killing cancer cells or 
bacterial cells and/or inhibiting their growth through the use of certain P-acids. 
In a preferred embodiment, the method utilizes lupulones or analogs thereof. 
1 5 Generally preferred are hydrogenated derivatives of lupulones, e.g., compounds 
of the formula 




(I) 

30 

wherein R is (C3 - C8)alkyl, such as -CH,CH(CH3)2 (hexahydrolupulone), 
-CH(CH3)2 (hexahydrocolupulone or "HHC"), or -CH(CH3)CH2CH3 
(hexahydroadlupulonc), or a pharmaceutically acceptable salt thereof. In a 
preferred embodiment of the invention, R is -CH(CH3)2. The compounds may 
35 also be administered as a mixture comprising one or more compounds of formula 
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(I). The tautomeric forms of the compounds of formula (I) are also within the 
scope of the present method. 

Beta-acids (also known as lupulones), and tetrahydroisohumulonc and 
hexahydrocolupulone in particular, can inhibit the growth of food pathogens, 
5 such as Listeria monocytogenes (U.S. patent nos. 5,286,506; 5,455,038). In 
addition, hexahydrolupulonc inhibits the growth of certain Lactobacilli (U.S. 
patent no. 5,082,975). They have also been used in oral care compositions in 
very low concentrations (U.S. Patent No. 5,370,863). However, the 
antineoplastic effects of hydrogenated lupulones have not been previously 
10 reported. 

These compounds have been found to be highly effective cytostatic and 
cytotoxic agents which are active against cells of a wide variety of cancers. For 
example, hexahydrocolupulone has been found to have cytotoxic and/or 
cytostatic effect against human breast adenocarcinoma cells, human acute 

15 lymphoblastic leukemia cells, vinblastin resistant cells, human Burkitt 

lymphoma cells, human oral epidermoid carcinoma cells, and human cervical 
epithelioid carcinoma cells. 

Hexahydrocolupulone (HHC) has also demonstrated effectiveness against 
drug resistant human cancer cell lines, for example, vinblastin resistant human 

20 acute lymphoblastic leukemia cells. Multidrug resistance against anticancer 
compounds is one of the most formidable problems in cancer chemotherapy. In 
addition to their broad spectrum anticancer activity, the compounds of the 
present invention have potential clinical application due to their high potency, as 
shown by their relatively low ICjo concentrations (IC50 represents the 

25 concentration of compound required to kiIl-50% of cancer cells in an in vitro 
assay). Moreover, as a derivative of a generally-recognized safe hop extract, 
HHC can be considered negligibly toxic when ingested, an advantage over many 
existing chemoagents. 

Hydrogenated lupulones appear to be more active and stable than their 

30 non-hydrogenated parent compounds. For example, hexahydrocolupulone is 
more active than colupulone (see Mannering et al., cited supra) while 
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hexahydrolupulone has been found to be more stable than lupulone (Carson, / 
Amer Chem. Soc. 73:1850-1852 (1951)). 

According to the invention, cancer cells are inhibited by administration to 
a mammal afflicted with cancer of an effective amount of the compounds of 
5 Formula (I). The "effective amount" will ultimately depend upon whether 

inhibition of growth or killing of cancer cells is goal of the treatment. However, 
as described herein, a suitable dose will be in the range of about 0.5 to about 100 
mg/kg of body weight per day. 

The compositions described herein are believed to be effective in the 
1 0 treatment of solid mammalian tumors or hematologic malignancies, and include 
those which can develop multidrug resistance. These solid tumors include 
cancers of the head and neck, lung, mesothelioma, mediastinum, esophagus, 
stomach, pancreas, hepatobiliary system, small intestine, colon, rectum, anus, 
kidney, ureter, bladder, prostate, urethra, penis, testis, gynecological organs, 
1 5 ovarian, breast, endocrine system, skin central nervous system; sarcomas of the 
soft tissue and bone; and melanoma of cutaneous and intraocular origin. 
Hematological malignancies include childhood leukemia and lymphomas, 
Hodgkin's disease, lymphomas of lymphocytic and cutaneous origin, acute and 
chronic leukemia, plasma cell neoplasm and cancers associated with AIDS. The 
20 preferred mammalian species for treatment are humans and domesticated 
animals. 

Without being bound by any particular theory regarding mechanism of 
action, preliminary results using the fluorescent activated cell sorting (FACS) 
method suggest that HHC has an effect upon the Gl-S phase transition of the cell 
25 cycle. Other studies suggest that the cytotoxic effect of HHC on cancer cells is 
not due to major effects upon DNA, RN A or protein synthesis. 

In another embodiment of the invention, a compound of formula (I), or a 
salt or pharmaceutical composition thereof, is used to inhibit bacterial cell 
growth. In a preferred method, the bacteria is a gram positive bacteria. In a 
30 more preferred embodiment, the gram positive bacteria is Staphylococcus 
Aureus, The compounds are also effective in inhibiting the growth of drug 
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resistant bacteria, including those strains resistant to antibiotics such as 
methicillin, ciprofloxacin, vancomycin, chloramphenicol, penicillin, 
aminoglycosides, erythromycin, cephalothin, cloxacillin, tetracycline and/or 
chloramphenicol. In a preferred method, the compounds are used to inhibit the 
5 growth of drug resistant Staphylococcus Aureus. The compounds are also 
effective in inhibiting the growth of vancomycin resistant enierococcus. 

In another embodiment of the invention, the compounds are used to 
inhibit the growth of mycobacteria. In a more preferred embodiment, the 
mycobacteria is tuberculosis. The compounds are also effective in inhibiting the 

10 growth of drug resistant mycobacteria, including those strains resistant to 

isoniazid, rifampin, pyrazinamide and/or ethambutol. In a preferred method, the 
compounds are used to inhibit the growth of drug resistant tuberculosis. 

In another embodiment of the invention, a compound of formula (I), or a 
salt or pharmaceutical composition thereof, is used to inhibit the growth of 

1 5 protozoa, particularly parasitic protozoa, such as hemaflagellates. In a preferred 
embodiment, the protozoa is Leischmania. In another embodiment of the 
invention, a compound of formula (I), or a salt or pharmaceutical composition 
thereof, is used to inhibit the growth of fiingii, such as systemic and superficial 
mycoses. 

20 Hexahydrolupulones are hydrogenated derivatives of lupulones, a 

constituent of hops (up to 5-7%). Hcxahydrocolupuionc can be made via the 
chemical hydrogenation of colupulone using a number of methods known in the 
art. For example, hydrogenation can be achieved with platinum (IV) oxide as a 
catalyst as described by Riedl {Bex. 89:1863 (1956)) or by Carson (J. Am. Chem. 

25 Sac. 73:1850(1951)). 

In a preferred method, beta-acids are purified as described in U.S. patent 
no. 4,918,240 and hydrogenated as described in U.S. patent no. 5,082,975 (both 
of which are herein incorporated in their entireties). According to a preferred 
method of purifying beta acids, palladium or platinum catalyst poisons are 

30 removed from an aqueous alkaline beta acid solution by agitating the solution at 
a pH of at least about 10, preferably between about 1 1 and 12.9, in the presence 
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of polyvalent metals other than palladium and platinum. The insoluble catalyst 
poison containing materials are then separated. 

Preferably, the polyvalent metals used are edible metal ions, preferably 
magnesium and calcium, and may also be zinc, aluminum or iron. Preferably, 
5 the pH is between about 1 1 and 1 2.9. Although a solvent is not necessary for 
removal of the catalyst poisons, water-immiscible food-grade solvents may be 
used. Examples include hydrocarbons such as hexane, esters, liquid fatty 
alcohols, and terpenes such as limonen. 

In preparation for the ensuing hydrogenation step, the purified beta acids 
1 0 may be recovered from the alkaline aqueous phase by the CO5 method of Cowles 
(U.S. patent no. 4,590,296). Alternatively, the beia-ac'id solution is mixed with 
about an equal volume of an organic solvent such as hexane. The heta-Bcids are 
extracted into solvent by slow acidification with agitation, using an acid such as 
phosphoric acid, until a pH of about 9.5-9.8 is reached. Substantially all of the 
1 5 beta acids are removed from the aqueous phase by this procedure. The beta 

acids may then be recovered from the solvent by partial evaporation and cooling, 
or by removal of the hexane under vacuum, by procedures known to the art. 

Any known method of hydrogenation may be used, although preferably 
one is used which results in a high purity of hela acids. Preferably, the purified 
20 beta-acids are hydrogenated under non-acidic conditions. According to a 

preferred method, the beta-acids arc dissolved in solvent and water. Any non- 
toxic, non-reactive solvent may be used such as lower alkanols, an organic water 
miscible or THF. A hydrogenation catalyst such as palladium or platinum is 
added. The vessel is evacuated, hydrogen gas is introduced, and the vessel is 
25 agitated until hydrogen uptake has ceased. The hydrogenated product is filtered 
to remove the catalyst. A solution of water and a hydrocarbon solvent such as 
hexane is then added. The mixture is agitated and the hydrogenated beta acid is 
extracted into the hexane phase. After partial evaporation of the hexane, the 
mixture is seeded and cooled, allowing the product to crystallize. 
30 To allow conversion to pure hydrogenated beta acids, the minimum pH 

used is about 3, preferably above 4, with the most preferred range between about 
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7 to 9. The rate of hydrogenation may be accelerated through the use of 
additional amounts of catalyst or by raising the temperature. 

An aqueous liquid alkaline solution of hydrolupulones may be prepared 
as described in U.S. patent 5,082,975. Alternatively, propylene glycol, 
5 glycerine, similar stable alcohols and polyols, or mixtures thereof with or 
without water, may be substituted for the water of the aqueous solution. In 
addition, the foregoing aqueous solution may be mixed with glycol or glycerine, 
etc., to form a standardized solution of product, which is readily-dispersible in 
water, and stable as well. 

10 Pharmaceutical ly acceptable salts of the biologically active compounds 

described herein may be used as well in practicing the claimed methods. 
Pharmaceutically acceptable salts may be formed using organic or inorganic 
based, such as NaOH, NaCCOj),, NaHC03, KOH and the like. 

Although the compounds described herein and/or their its salts may be 

1 5 administered as the pure chemicals, it is preferable to present the active 

ingredient as a pharmaceutical composition. The invention thus further provides 
the use of a pharmaceutical composition comprising one or more compounds 
and/or a pharmaceutically acceptable salt thereof, together with one or more 
pharmaceutically acceptable carriers therefor and, optionally, other therapeutic 

20 and/or prophylactic ingredients. The carrier(s) must be 'acceptable' in the sense 
of being compatible with the other ingredients of the composition and not 
deleterious to the recipient thereof. 

Pharmaceutical compositions or medicaments include those suitable for 
oral or parenteral (including topical, bucchal, intramuscular, subcutaneous and 

25 intravenous) administration. The compositions may, where appropriate, be 
conveniently presented in discrete unit dosage forms and may be prepared by 
any of the methods well known in the art of pharmacy. Such methods include 
the step of bringing into association the active compound with liquid carriers, 
solid matrices, semi-solid carriers, finely divided solid carriers or combination 

30 thereof, and then, if necessary, shaping the product into the desired delivery 
system. 
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Pharmaceutical compositions or medicaments suitable for oral 
administration may be presented as discrete unit dosage forms such as hard or 
soft gelatin capsules, cachets or tablets each containing a predetermined amount 
of the active ingredient; as a powder or as granules; as a solution, a suspension or 

5 as an emulsion. The active ingredient may also be presented as a bolus, 
electuary or paste. Tablets and capsules for oral administration may contain 
conventional excipients such as binding agents, fillers, lubricants, disintegrants, 
or wetting agents. The tablets may be coated according to methods well known 
in the art., e.g., with enteric coatings. 

1 0 Oral liquid preparations may be in the form of, for example, aqueous or 

oily suspension, solutions, emulsions, syrups or elixirs, or may be presented as a 
dry product for constitution with water or other suitable vehicle before use. Such 
liquid preparations may contain conventional additives such as suspending 
agents, emulsifying agents, non-aqueous vehicles (which may include edible 

1 5 oils), or preservative. 

The compounds may also be fomiulated for parenteral administration 
(e.g., by injection, for example, bolus injection or continuous infusion) and may 
be presented in unit dose form in ampules, pre-filled syringes, small bolus 
infusion containers or in multi-does containers with an added preservative. The 

20 compositions may take such forms as suspensions, solutions, or emulsions in 
oily or aqueous vehicles, and may contain formulatory agents such as 
suspending, stabilizing and/or dispersing agents. Preferable, the liquid carrier is 
a non-alkaline solution. Alternatively, the active ingredient may be in powder 
form, obtained by aseptic isolation of sterile solid or by lyophilization from 

25 solution, for constitution with a suitable vehicle, e.g., sterile, pyrogen-free water, 
before use. 

For topical administration to the epidermis, the compounds may be 
formulated as ointments, creams or lotions, or as the active ingredient of a 
transdermal patch. Suitable transdermal delivery systems are disclosed, for 
30 example, in Fisher et al. (U.S. Patent No. 4,788,603) or Bawas et al. (U.S. Patent 
No. 4,931,279, 4,668,504 and 4,713,224). Ointments and creams may, for 
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example, be formulated with an aqueous or oily base with the addition of 
suitable thickening and/or gelling agents. Lotions may be formulated with an 
aqueous or oily base and will in general also contain one or more emulsifying 
agents, stabilizing agents, dispersing agents, suspending agents, thickening 
5 agents, or coloring agents. The active ingredient can also be delivered via 
iontophoresis, e.g., as disclosed in U.S. Patent Nos. 4,140,122, 4383,529, or 
4,051,842. 

Compositions suitable for topical administration in the mouth include 
unit dosage forms such as lozenges comprising active ingredient in a flavored 
1 0 base, usually sucrose and acadia or tragacanth; pastilles comprising the active 
ingredient in an inert base such as gelatin and glycerin or sucrose and acacia; 
mucoadherent gels, and mouthwashes comprising the active ingredient in a 
suitable liquid carrier. 



1 5 provide sustained release of the active ingredient employed, e.g., by combination 
thereof with certain hydrophilic polymer matrices, e.g., comprising natural gels, 
synthetic polymer gels or mixtures thereof. 

The pharmaceutical compositions according to the invention may also 
contain other adjuvants such as flavorings, coloring, antimicrobial agents, or 

20 preservatives. 

It will be further appreciated that the amount of the compound, or an 
active salt or derivative thereof, required for use in treatment will vary not only 
with the particular salt selected but also with the route of administration, the 
nature of the condition being treated and the age and condition of the patient and 

25 will be ultimately at the discretion of the attendant physician or clinician. 

In general, however, a suitable dose will be in the range of from about 0.5 
to about 100 mg/kg, e.g., from about 10 to about 75 mg/kg of body weight per 
day, such as 3 to about 50 mg per kilogram body weight of the recipient per day, 
preferably in the range of 6 to 90 mg/kg/day, most preferably in the range of 1 5 



When desired, the above-described compositions can be adapted to 



30 



to 60 mg/kg/day. 




O > 
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The compound is conveniently administered in unit dosage form; for 
example, containing 5 to 1000 mg, conveniently 10 to 750 mg, most 
conveniently, 50 to 500 mg of active ingredient per unit dosage form. 

Ideally, the active ingredient should be administered to achieve peak 

5 plasma concentrations of the active compound of from about 0.5 to about 75 \xM, 
preferably, about 1 to 50 pM, most preferably, about 2 to about 30 ^M. This 
may be achieved, for example, by the intravenous injection of a 0.05 to 5% 
solution of the active ingredient, optionally in saline, or orally administered as a 
bolus containing about 1 -100 mg of the active ingredient. Desirable blood levels 

10 may be maintained by continuous infusion to provide about 0.01-5.0 mg/kg/hr or 
by intermittent infusions containing about 0.4-1 5 mg/kg of the active 
ingredient(s). 

The desired dose may conveniently be presented in a single dose or as 
divided doses administered at appropriate intervals, for example, as two, three, 
1 5 four or more sub-doses per day. The sub-dose itself may be further divided, e.g., 
into a number of discrete loosely spaced administrations; such as multiple 
inhalations from an insufflator or by application of a plurality of drops into the 
eye. 

All publications, patents and patent documents are incorporated by 
20 reference herein, as though individually incorporated by reference. The 

invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it should be understood that many 
variations and modifications may be made while remaining within the spirit and 
scope of the invention. 
25 The following examples are intended to illustrate but not limit the 

invention. 

EXAMPLES 
EXAMPLE I - Cytostatic Activity 

HHC was tested for cytostatic activity using the trypan blue exclusion 
30 assay. The purpose of the assay is to determine the concentration of HHC at 
which 50% of cell growth is inhibited (i.e., ID50) when cells are continuously 
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exposed to the HHC. Five ml of a mixture of 2 x 1 0' cells/ml were placed in T- 
25 flasks. HHC or control (no HHC or DMSO vehicle) was added. The cells 
were incubated at 37 "C under 5% CO^ for 24 or 48 hours. Monolayer cells 
which are attached need to be incubated for a minimum of 14 hours before HHC 
5 is added in order to allow the cells to attach. The cells are detached by 

pancreatinizing (attached cells) and or suspended well (unattached cells). A 100 
jil sample was removed from the cell suspension and placed in a borosilicate 
glass test tube. One hundred ^1 of .4% trypan blue solution (trypan blue (Sigma) 
in phosphate buffered saline) was added to the cell suspension sample and mixed 
10 well. The cells were counted using a hemocytometer. ID50 was calculated by 
choosing a drug concentration that was below 50% inhibition as well as a drug 
concentration that was above 50% inhibition and then interpolating those values 
to 50% inhibition. The following fonnula was used: 



1 5 % inhibition =100- % growth, 

where % growth = [(C, - Co)/(Ce, - Cq)] x 100, 

where Cq is the cell count at time "0"; 

Ct is the cell count of the HHC treated sample at time "t"; and 
Cc, is the ceil count of the control sample at time "t". 

20 

Table I presents data on the activity of HHC against various cancer cell 
lines. MCF-7 cells are human breast adenocarcinoma cells which have some 
characteristics of differentiated mammary epithelium (i.e., dome formation and 
estradiol processing via cytoplasmic estrogen receptors). CEM cells arc human 

25 acute lymphoblastic leukemia cells which morphologically resemble 

lymphoblastic cells. CEM vinblastin resistant cells contain the P-glycoprotein 
therefore enabling them to exhibit multidrug resistance to many structurally 
unrelated compounds. Raji cells are human Burkilt lymphoma cells which arc 
lymphoblast-like. KB cells are human oral epidermoid carcinoma cells. HeLa 

30 S3 cells are human cervical epithelioid carcinoma cells. 
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Table I. 





Ceil type 


no. of 
experiments 




standard 

ucvmuun 1 




MCF-7' 


J 


I .ZJ 


0 17 1 


5 


1 CEM' 


4 


1.97 


0.34 1 




1 CEM vin resistant' 


4 


2.61 


0.33 




Raji^ 


4 


2.19 


0.40 




KB' 


3 


0.85 


0.07 1 




HeLa S3= 


3 


1.21 


0.03 1 


10 


'period of incubation - ^ 


t8h; ^period of incubation = 24h, 



15 



20 



25 



As the results indicate, HHC is an effective and potent cytostatic agent 
with respect to a wide variety of cancer cell types. 
EXAMPLE 11 - Cytotoxic Activity 

HHC was tested for cytotoxic activity using a colony formation assay, 
using an 1 8 hour puise exposure. The purpose of the clonogenic assay is to 
determine the concentration of HHC at which 50% of cell growth is inhibited 
(i.e., IC50) when cells are exposed to the HHC for a defined amount of time (i.e., 
a pulse exposure to the xenobiotic). 

Five ml of a mixture of 2 x 10' cells/ml (MCF-7 cells) were placed in 
each of 4 T-25 flasks in a media of RPMI (Gibco). The cells were incubated at 
37 °C under 5 % CO, for a minimum of 14 hours to allow the cells to attach. 
The cells were pulsed for 18 hours with HHC concentrations of 0, 1 .5, and 25 

^M, or with DMSO. 

The media was removed from the flasks (i.e., media with floating cells) 
and placed in 15 ml polypropylene centrifuge tubes 1-4 (summarized in Table 
II). The flasks were washed in 1 ml of PBS and the wash was placed in the 
appropriate tubes 1-4. Tubes 1-4 were centrifuged at 150 rpm and the media was 
aspirated. Cells were detached from ihc flasks by pancreatinization. 
30 Approximately 1 ml of the cell suspension from the flasks were added to the 
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appropriate lubes (1-4) and the pellet suspended. The cells in tubes 1-4 were 
pooled with the cells in the flask. The cells were then resuspended. 

One ml of cell suspension from the flask was added to the appropriate 
lOx tube (tubes 5-8) along with 9 ml of media and suspended well. One ml of 
5 the suspension in each I Ox tube was then placed in the appropriate 50x tube 
(tubes 9-12) along with 4 ml of media. 



Table II. 





control*' 


DMSO 


1.5 mM HHC 


25 HHC 


1 floating cells 


1" 


2 


3 


4 


1 lOx dilution 


5 


6 


7 


8 


y 50x dilution 


9 


10 


11 


12 



'tube no. *'[HHC]=0 



1 5 The cells in the original cell suspension (i.e., in the flask) were counted 

using trypan blue exclusion assay (described in Example II). Based on this 
count, the number of cells in the 50x tubes were calculated. The volume 
necessary to acquire approximately 5400 cells was then determined. This 
volume was removed from the 50x suspension and placed into 50 ml 

20 polypropylene tubes (tubes 13-16). Media was added to attain a volume of 1 8 
ml. The cells were then suspended. 

Five ml of suspension from each of tubes 13-16 was transferred to 60 x 
1 5 mm tissue culture dishes (in triplicate). The cells were incubated until 
colonies of at least 50 cells were present (approx. 6-8 days). The cells were then 

25 stained v^th Giemsa stain (a solution of 1 % Giemsa stain (Sigma) in 1 00% 

methanol). The culture dishes were removed from the incubator and the media 
aspirated off The dishes were washed 2x with phosphate buffered saline (3- 
4ml). Three to four ml of 1 00% ethanol was added to each dish, an amount 
sufficient to cover the bottom of the dish, covered and allowed to stand for 30 

30 minutes. The stain was washed out with cold HjO. The water was poured off, 
without loss of colonies. The plates were inverted and allowed to dry. The cells 
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were counted in those colonies which consisted of at least 50 cells. The ID,o was 
determined as described in Example II. The data is shown in Table III. 



1 SUiC IJl. 

5 1 Cell type 


no. of 




Std. deviation 




experiments 






1 MCF-7 


2 


1.62 


0.28 



10 



15 



As the data shows, HHC is able to effectively kill MCF-7 cancer cells at 
low dosages. 

EXAMPLE III - In Vitro Studies 

CI 300 cells (mouse neuroblastoma), a murine tumor cell model which is 
sensitive to HHC were evaluated. Preliminary data suggests that the in vitro ID50 
of HHC in C 1300 cells is approximately 1 .94 ^iM after 48 hours of continuous 
exposure. 

EXAMPLE IV - Determination of Mechanism of Action 

Fluorescence activated cell sorting (FACS) was used to determine what 
percentage of cells could be found in the designated cell cycle phase after 48 
hours of continuous HHC exposure. There are four distinct phases in the cell 
cycle which lead to duplication of the cell and its genetic material. In the GO/Gl 
20 phase the cell is at rest or is performing miscellaneous biosynthetic functions. 
During the S phase, DNA synthesis occurs which leads to replication of the 
chromosomes. G2 is the pre-mitotic interval while the M phase is the time 
during which the cell divides. 

MCF-7 cells were exposed to concentrations of 1 .5 )iM and 25 of 
25 HHC, and DMSO. DMSO had no significant effect on the cell cycle, with a 
profile almost identical to that of the "no drug" control. The results indicate that 
low [HHCl's (i.e., 1 .5 jiM) increase the number of cells in GO/Gl and decrease 
the number of cells in S phase. At high [HHC]'s (i.e., 25 nM) there is a decrease 
in the number of cells in GO/Gl and an increase in the number of cells in S 
30 phase. This indicates that HHC has an apparent effect upon the Gl-S phase 
transition of the cell cycle. 
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EXAMPLE V - Antibacterial activity {Staphylococcus aureus) 

A single colony of Staphylococcus aureus was grown in 2 ml of Luria- 
Bertani (LB) broth overnight at 37 °C in a bacterial shaker with vigorous 
shaking. 0.5 ml of the culture was transferred to 250 ml LB and allowed to grow 
5 at 37 ""C until the OD600 (optical density) reading was about 0.2 (a reading of 1 
OD600 indicates a cell concentration of approximately 8x10' cells/ml). 
Cultures were aliquoted into 50 ml tubes containing 13 ml of bacterial culture 
per tube. 0.5, 1.0, 2.5, 5.0, 10 and 25 \iU of HHC was added to the tubes. No- 
drug and DMSO solvent were used as controls. Aliquols of the bacterial culture 
10 were taken every 2 hours to obtain the OD600 reading. As the results indicate 
(Figure I) HHC is an effective inhibitor of bacterial growth. 

The effect of HHC against various strains of laboratory quality control 
drug resistant bacteria was also determined. An assay was performed to 
determine the minimum inhibitory concentration (MIC) of HHC against 
1 5 methicillin resistant Staphylococcus aureus, coagulase-negative Staphylococcus 
and vancomycin resistant group D Enterococcus. HHC was dissolved in DMSO 
to achieve a working concentration of 500 ^iM and then further diluted in 
Mueller Hinton broth (MH). The fmal test concentration by macrotube dilution 
were: 100, 50, 25, 10 , 5, 2.5, 1.0, 0.5, 0.25, and 0.12 ^iM. The test organisms 
20 were dilUed in MH brcth to achieve a fmal concentration of 1-5 x 10' CFU/ml. 
MlC's 4ere recorded af the lowest concentration of HHC completely inhibiting 



the orga|iisms. The res ilts are shown in Table IV. 
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Table IV. FFFFCT OF HH r I IPON RACTHRIAL GROWTH 



STRAIN MIC (micromolar; ^M) 

Gf^iJO Bacteria 

5 Staphylococcus Aureas 5 

MRSA (Methicillin resistant 2.5 ^M 
Staphylococcus A,) 

Multidrug resistant Staphylococcus 2.5 ^iM 
(except to Vancomycin) 

10 VRE (Vancomycin resistant en/erococCM5) 5 ^iM 
Oram M Bacteria 

E.Coli >100nM 

Pseudomonas > 100 ^M 

1 5 The results shown in the above table indicate the following: first, the 

MIC for HHC against gram (+) bacteria are within the ranges of clinically 
achievable levels. Second, HHC possesses a unique mechanism of action. It 
has been shown that drug resistant MRSA are cross resistant with other 
antibiotics (including erythromycin, cephalothin, cloxacillin, tetracycline and 

20 chloramphenicol); however, HHC is not. In addition, the results from studies of 
VRE show that HHC is not cross resistant with vancomycin. Third, the 
antimicrobial activity of HHC is highly specific as suggested by the activity of 
HHC against gram (+) but not gram(-). 

HHC was also tested for effectiveness against various bacterial isolates 

25 obtained from human subjects. The results are shown in Table V. 
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Table V. Patient Isolates Evaluated for Antibiotic Sensitivity 



10 



15 



20 



25 



S 
R 



Patient A 
Organism VRJ£ 
Amp (R > 8 Mg/ml) R 
Ceph (R > 32 )ag/ml) - 
Chlor 

Cipro (R > 2 ng/ml) 
Clin (R > 8 Mg/ml) 
Eryth (R > 8 |ag/ml) 
Gen 

Oxa (R > 8 fig/ml) 
Pen (R > 8 Mg/ml) 
Rif 

Strep {R>2000 iig/ml) 
Tetra 
Tri/Sulfa 
Vanco (R> 16^g/ml) 
[HHC] ^g/ml (MIC) 



R 



S 

s 

R 



S 

1.015 



B 
VRI'. 
R 

S 
R 



R 

S 
R 

S 

R 

S 
4.06 



C D E F G 
VRE MRSA MRSA MRSA OxaRSA 



R 

S 
R 



R 



R 

R 
R 
R 

R 
R 



R 

R 
R 
R 

R 
R 



R 



R 



R 

S 



s 
s 

2.03 



S 

s 

1.015 



S 
S 

1.015 



S 

1.015 



R 

R 
R 
R 

R 
R 



S 
S 

1.015 



VRE = Vancomycin Resistant Enterococcusfaectum, MRSA = Methicillin Resistant 
Staphylococcus aureus; OxaRSA ^ Oxacillin Resistant Staphylococcus aureus; R = Resistant; S 
= Sensitive; - = not available; Amp = Ampicillin; Ceph = Cephalothtn; Chlor = 
Chloramphenicol; Cipro = Ciprofloxacin; Clin ^ Clindamycin; Eryth ^ Erythromycin; Gen ^ 
Gentannicin; Oxa = Oxacillin; Pen - Penicillin; Rif = Rifampin; Strep = Streptomycin; Tetra = 
Tetracycline; Tri/Sulfa -- Trimethoprim/Sulfonamide; Vanco = Vancomycin; HHC positive 
control {Staphylococcus aureus = 2.03 ng/ml; HHC negative control {Escherichia colt) = 100 
Mg/ml; 1.01 5 Mg/ml HHC = 2.5 pM; 2.03 pg/ml HHC = 5 ^M; 4.06 jig/ml HHC = 10 ^M. 



As shown, the bacterial isolates were sensitive to HHC, indicating the drug's 
effectiveness against bacteria resistant to a variety of antibiotics. 

30 EXAMPLE VI - Antibacterial activity (Af. tuberculosis) 

Drug susceptibility was tested using the BACTEC method (Siddigi, 
BACTEC TB System Product and Procedure Manual, Becton Dickinson Corp 
(1989); Inderlied, Antimycobacterial Agents m Antibioiics in Laboratory 
Medicine, ed. Lorian, 3rd edition, Williams and Wilkins). The growth curve of 

35 mycobacteria in liquid media with and without HHC was plotted for 4 to 12 
days. Resistance was determined by modification of the 1% proportional 



wo 98/11883 PCTAUS97/13499 

20 

method. The control vial was inoculated with a 1 :100 dilution of organisms, and 
a growth rate greater than vials with HHC was interpreted as evidence of 
susceptibility. Resistance occurs where less than 99% of the organisms are 
inhibited by the HHC. 
5 Materials: 

OBACTEC 12B vials 

2) HHC 

3) Special Diluting Fluid (DF): 0.2% fatty acid free bovine scrum 
albumin and 0.02% polysorbate 80 in distilled water, adjusted to pH 6.8 ± 0,2 

10 dispensed and sterilized in the following aliquots: a) 3.0 ml with 8-10 glass 
beads (1-2 mnWea); b) 1.5 ml; c) 9.9 ml; and d) 9.0 ml 

4) 0.5 McFarland standard in the same tube as (3) above 

5) disposable sterile culture loops 

6) 1 .0 ml tuberculin syringes with fixed 22-26 gauge needle 
1 5 7) individually packaged alcohol wipes 

8) Vortex mixer 

9) ATCC 27294 (S.I.R.E. susceptible M tuberculosis) 

A quantity of growth of ATCC 27294 was removed from the solid media 
with a sterile applicator stick and placed in a tube with glass beads and DF. 
20 Vortex was used to emulsify bacterial clumps. 0. i ml of this suspension was 
used to inoculate new, prc-gassed BACTEC vials. The vials were incubated at 
37 "C and monitored daily. The culture was ready for inoculation into the HHC 
and control vials on the day when the growth index (GI) reached 900-999. 

Vials that have been at 999 for more than one day should not be used, as 
25 the bacterial load may be too high. Control vials, inoculated with growth below 
an index of 900, do not reliably reach the test cutoff value of 30 in the required 
12 day experimental period. Serial BACTEC-to-BACTEC transfers of the 
ATCC organisms are acceptable within the confines of the experimental period. 
BACTEC vials were run on the BACTEC instrimient to establish proper 
30 CO2 levels. The HHC was inoculated aseptically (0. 1 ml HHC solution/vial) 
into labeled vials. Each HHC vial, and one DF vial containing 9.9 ml DF, was 
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inoculated with 0.1 ml of the ATCC BACTEC culture. The DF vial, now 
containing a 1 :100 dilution of the bacterial suspension, was inverted I OX to mix 
and 0.1 ml withdrawn to inoculate the control 12B vial. A 1:10 control was 
made in the same manner as above, using a vial with 9.0 ml DF and 1 .0 ml of the 
5 ATCC BACTEC culture. All test vials were incubated at 37''C ± 1 '^C for 4 to 
12 days, with daily reading on the BACTEC instrument. The vials must be run 
at approximately the same time each day. 

The test was finished when the GI of the control vial reaches 30 and at 
least 5 days have transpired. The change in GI from one reading to another 

1 0 (delta change) is indicative of the growth rate. If the change is greater in the 
HHC vial compared to the control, the isolate is resistant to the HHC; if about 
the same, the isolate is borderline in susceptibility; and if less than the control, 
the isolate is susceptible to MIIC. If the GI in the HHC vials is initially very 
high ()300) and the GI in the control is low, the inoculum probably included 

1 5 clumps, and the test needs to be repeated. If the GI in a particular HHC vial has 
reached 500 and then declines when the control reaches 30, the isolate is 
considered resistant to HHC. If the GI in a HHC vial reaches 900 and then 
declines before the control reaches 30, the isolate is considered resistant. If the 
GI of a vial reaches 999 before the control reaches 30, the inoculum was too 

20 heavy, and the test needs to be repeated. If the GI reaches 999 on the same day 
as the control reaches 30, and the delta GI is greater than the control, resistance 
can be reported. However susceptibility cannot be determined with a reading of 
999, and the test would need to be repeated. If the delta GI for the HHC vial is 
close (10%) to the delta GI of the control this indicates partial resistance, and 

25 additional readings ( 1 -3 days) should be taken. The 1:10 control was not used as 
part of a standard 1 % proportional method, but was included here to measure 
smaller drug effects that may not be apparent with the standard 1 % method. 

HHC inhibited > 99% of tuberculosis growth at a concentration of 50 ^iM 
and inhibited 100% of TB growth at 100 ^M. For comparison, minimal 

30 inhibitory concentrations (MICs) of currently utilized anti-TB drugs are given 
below. 
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DRUG 


Mir* /'iiM\ 


Cycloserine 




Pyrazinamiae 




Ethambutol 


5-25 


Streptomycin 


1.8-17 


Isoniazid 


1.5 


Viomycin 


1.5-15 


Ethionamide 


15 



10 It is evident from the data shown above the HHC inhibition of TB growth 

falls within the range of MlCs determined for clinically utilized anti-TB drugs 
and may actually fair better than some of these drugs. 

The effect of HHC on various strains of drug resistant tuberculosis was 
determined using similar methods. The results indicate that HHC is able to 

1 5 inhibit 92% of Isoniazid and Rifampin Resistant TB at a concentration of 75 
HHC; 98% of Pyrazinamide Resistant TB growth at 75 \iM HHC; and 91% of 
Isoniazid Resistant TB growth at 75 HHC. Thus, HHC is effective in 
inhibiting the growth of a variety of drug resistant strains of tuberculosis. 
EXAMPLE VII - Determination of the Maximal Tolerated Dose (MTD) of 

20 HHC 

Eight groups of BDFl mice (5 animals/group) were used to determine a 
maximal tolerated dose (MTD) for HHC. 
Group 1 : no treatment 

Group 2: DMSO (dimethylsulfoxide) treatment 
25 Group 3: 50 tiM HHC (1 .7 mg HHC/kg) 

Group 4: 1 00 ^iM HHC (3 .3 mg HHC/kg) 

Group 5: 1 50 fiM HHC (4.9 mg HHC/kg) 

Group 6: 200 HHC (6.5 mg HHC/kg) 

Group 7: 400 HHC ( 1 3 mg HHC/kg) 
30 Group 8: 800 HHC (26 mg HHC/kg) 

All mice were weighed, the weight being used to determine blood 

volume for each animal. The amount of drug necessary to achieve a theoretical 

concentration of drug in the animal (e..g, 50, 100, 1 50 ^iM etc.) was calculated 

based on the formula: blood volume = 8% body weight of the animal. Drug 
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solutions were made using DMSO as the solvent and a single intraperitoneal 
injection of a volume of 100-120 ^1 was given. Animals were observed for 
survivai/dealh. Based on the above, the MTD is determined to be at 200 nM 
6.5 mg/kg). To confirm the MTD, it is necessary to dose the animals with the 
5 predetermined MTD once a day for consecutive days followdng established 
experimental treatment times (i.e., 5 days for in vivo tumor inhibition studies). 
EXAMPLE VIII - Anti-Protozoal Activity (Lcishmania) 

Leishmania tarentolae was grown in BHI (brain heart infusion; Difco) 
supplemented with 10 ^ig/ml of hemin. Leishmanial cells were counted by doing 

10 al:l dilution ofthe cells with 3% formaldehyde/i x SSC (0.15 M NaCl/0.0l5 M 
sodium citrate) solution. Cells were seeded at log phase (0.5-1 x 10* cells/ ml) in 
T-25 cm^ flasks. Equal volumes of HHC at different concentrations (0.1 , 0.25, 
0.5, 1 .0, 2.5 |iM) were added to the cells. DMSO at the same volume as that 
used for HHC was included as solvent control. At each time point (6, 12, 18, 24, 

15 32 hrs post-drug addition), cells were observed under the microscope for 

possible effect of HHC on Leishmanial motility. Aliquots of cells (1 00 ^l) were 
removed from each flask at each time point, diluted as mentioned above and cell 
numbers were quantitated using a hemocytometer. Results are shown in Table 
VI. 



20 
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WHAT IS CLAIMED IS: 




(I) 



15 



wherein R is (C3-CR)alkyi, or a pharmaceutical ly acceptable salt thereof, to 
prepare a medicament effective to inhibit growth of an antibiotic resistant strain 
of Staphylococcus aureus^ Mycobacterium tuberculosis. Mycobacterial Avian 
20 Complex or enterococcus. 



2. The method of claim 1 wherein R is -CH2CH(CH3)2, -CHCCHj)^, or - 
CH(CH3)CH2CH3. 

25 3. The method of claim 1 wherein the medicament is effective to inhibit 
growth of antibiotic resistant Staphylococcus aureus. 



30 



4. The method of ciaim 3 wherein the antibiotic is methicillin, 
ciprofloxacin, vancomycin, chloramphenicol, penicillin and/or an 
aminoglycoside. 
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5. The method of claim 3 wherein the antibiotic drug is erythromycin, 
ccphalothin, cloxacillin, tetracychne and/or chloramphenicol. 

6. The method of claim 1 wherein the medicament is effective to inhibit the 
5 growth of vancomycin resistant entcrococcus. 

7. The method of claim I wherein the medicament is effective to inhibit the 
growth of antibiotic resistant Mycobacteria tuberculosis. 

10 8. The method of claim 7 wherein the antibiotic is isoniazid, rifampin, 
pyrazinamide or ethambutol. 

9. The method of claim 1 wherein the medicament is adapted to be 
administered parenterally. 

15 

1 0. The method of claim 9 wherein the medicament is adapted to be 
administered topically. 

1 1 . The method of claim 9 wherein the medicament is adapted to be 
20 administered orally. 
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